loading of the DnaB helicase and DnaG primase. Importantly, the priA null mutation that blocks the first step of this process was found to completely inhibit recombination-dependent DNA replication (Masai et al., 1994) . A mutant PriA protein (K230R) has been engineered that is deficient in the ATPase and helicase activities that are associated with wild-type PriA protein and yet is capable of mediating assembly of an active primosome in vitro (Zavitz and Marians, 1992) . This mutant PriA protein was found to be proficient in primosome assembly to initiate recombination-dependent replication in vivo (Kogoma et al., 1996) . Therefore, the function of PriA that is essential for recombination-dependent replication is primosome assembly. It is very likely that PriAmediated primosome assembly loads the DnaB helicase onto the exposed single-stranded DNA within a D loop (Figure 2 ). The primosome subsequently primes lagging strand synthesis that is carried out by a replisome. The invading single-stranded DNA with a 3Ј end may be used to initiate leading strand synthesis ( Figure 2 ).
PriA is Required for Homologous Recombination
The priA null mutations, which block recombinationdependent replication, were found to reduce the P1 transduction frequency by 20-to 50-fold (Kogoma et al., 1996; Sandler et al., 1996) . The priA mutations also adversely affect recombinant formation in Hfr conjugation (Kogoma et al., 1996) . Thus, priA null mutants are , 1996; Sandler et al., 1996) . This contention not clear at present (discussed in Masai et al., 1994) . is further supported by the studies of extragenic supThis is followed by a series of reactions that result in pressors of priA null mutations, which suggest that mutational alterations in other factor(s) of the primosome assembly reaction can compensate for the lack of PriA protein. Although the priA null mutation is not lethal, priA mutants exhibit a variety of ailments. For example, they are hypersensitive to UV light and sensitive to growth in nutritionally rich media such as Luria broth. Extragenic suppressors of the UV sensitivity of priA null mutants were isolated and found to suppress the Rec Ϫ phenotype. Strikingly, all suppressor mutations were found to map within the dnaC gene (Sandler et al., 1996) . Similarly, an extragenic suppressor (spa-47) of the rich medium sensitivity of a priA null mutant was also shown to suppress the Rec Ϫ phenotype and was mapped to within or very close to dnaC (Kogoma et al., 1996) . Since dnaC and dnaT constitute an operon, spa-47 could be a mutation in either gene. It appears, therefore, that the suppressor mutations caused changes in the structure of DnaC or DnaT protein, a component of the primosome 
Break Repair Are Identical Processes
The invading 3Ј end may prime leading strand synthesis (step ii).
priA null mutants are also hypersensitive to agents that 
Introduction of the PriA(K230R)-expressing plasmid or
indicating the presence of other modes of homologous recombination that do not require extensive DNA replithe spa-47 mutation alleviates the hypersensitivity cation. These nonreplicative modes of recombination greatly. Therefore, double-stranded break repair also could account for the multiple crosses seen within a requires the primosome assembly function of PriA. The given stretch of the chromosome. Nevertheless, a majorrequirement of the PriA primosome function for doubleity of recombinants appear to be formed by the replicastranded break repair, together with the expectation tive recombination mode in E. coli. Strong interdepenthat ends generated by double-stranded breaks readily dence has also been documented for bacteriophage T4 trigger recombination-dependent replication, led to the DNA replication and homologous recombination proproposal that DNA synthesis initiated at D loops is also cesses. In T4-infected cells, DNA replication can be initiinvolved in double-stranded break repair (Kogoma et ated from a recombination intermediate and such replial., 1996) . Thus, the ends at a double-stranded break cation results in generation of recombinant molecules are processed by RecBCD leading to a double-stranded (reviewed by Kreuzer and Morrical, 1994) . Under certain gap. Just as in the replicative recombination scheme circumstances, plasmid replication can occur in a re- (Figure 1, route B) , the D loops formed at both ends combination-dependent manner in bacteria (Viret et al., would be primed for DNA synthesis. Subsequent replica-1991). tion completes the repair (Smith, 1991; Kogoma et al., In yeast and mammalian cells, there is evidence that 1996). It should be stressed that in these schemes of ends generated by double-stranded breaks can inihomologous recombination and double-stranded break tiate or stimulate homologous recombination (Thaler repair, the two processes are identical. The only differand Stahl, 1988) . Transient meiosis-specific doubleence is the extent of replication required to complete stranded breaks are known to occur at many locations the process. Thus, in recombination, the remainder of in the yeast genome, which may initiate meiotic homolothe chromosome must be replicated to yield recombigous recombination (Schwacha and Kleckner, 1995 nants whereas in double-stranded break repair DNA repand references therein). Furthermore, double-stranded lication is limited to filling the gap generated by RecBCD break repair is implicated in immunoglobulin gene reprocessing.
combination in mice and humans (Jeggo et al., 1995) .
Double-Stranded Break Repair and the
Thus, homologous recombination triggered by doublerecA polA Lethality stranded breaks appears to be a widespread strategy The double-stranded break repair process involving for the generation of genetic diversity and repair of dam-DNA replication initiated at D loops not only repairs aged DNA. Evidence suggests that DNA synthesis might the break but also generates an active replication fork.
be involved in immuloglobulin class switch recombinaTherefore, this mode of double-stranded break repair is tion (e.g., Dunnick et al., 1993) . Whether homologous ideally suited for repairing a collapsed replication fork recombination and double-stranded break repair in euk- (Asai et al., 1994; Kuzminov et al., 1994) . Such repair of aryotic cells generally involve extensive DNA replication a collapsed replication fork has been proposed for the remains to be seen. essential roles of RecA and RecBCD in the absence of Selected Reading DNA polymerase I activity (Cao and Kogoma, 1995) . It has been known for a quarter of a century that E. coli
